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doi:10.1016/j.kjms.2011.05.012Abstract The recent discovery of large-scale arsenic (As) contamination of groundwater has
raised much concern in Bangladesh. Reliable estimates of the magnitude of As exposure and
related health problems have not been comprehensively investigated in Bangladesh. A large
population-based study on As and health consequences in Matlab (AsMat) was done in Matlab
field site where International Centre for Diarrhoeal Disease Research, Bangladesh has main-
tained a health and demographic surveillance system registering prospectively all vital events.
Taking advantage of the health and demographic surveillance system and collecting data on
detailed individual level As exposure using water and urine samples, AsMat investigated the
morbidity and mortality associated with As exposure. Reviews of findings to date suggest the
adverse effects of As exposure on the risk of skin lesions, high blood pressure, diabetes melli-
tus, chronic disease, and all-cause infant and adult disease mortality. Future studies of clinical
endpoints will enhance our knowledge gaps and will give directions for disease prevention and
mitigations.
Copyright ª 2011, Elsevier Taiwan LLC. All rights reserved.Introduction
The recent discovery of large-scale arsenic (As) contami-
nation of groundwater has raised much concern in
Bangladesh [1]. The presence was first confirmed by theth Research Centre, ICDDRB,
, Dhaka 1212, Bangladesh.
g (M. Yunus).
vier Taiwan LLC. All rights reservDepartment of Public Health Engineering in 1993 [2].
Afterward, many surveys confirmed the extensive contam-
ination. To date, blanket surveys led by the government of
Bangladesh identified an initial 270 Upazilas (subdistrict) by
testing every single well in affected areas. More than 5
million wells have been tested to date, which indicated
major contamination [3].
Inorganic As is an established potent human carcinogen
[4]. In addition, ingestion of As through drinking water
has been implicated in several noncancer diseases, fored.
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ratory, neurological and liver disorders, and diabetes mel-
litus [4,5]. The earliest effects of exposure to As in drinking
water include pigmentation changes and hyperkeratosis,
which reportedly appear after 5e10 years of exposure
[6,7], and ultimately cause malignant and nonmalignant
health effects. Numerous studies on As-related health
effects have been performed, particularly in recent years.
However, few have focused on susceptibility factors and
other noncommunicable disease [4].
There are only a few studies from Bangladesh, mainly
from small geographical areas, on As exposure and preva-
lence of skin lesions [8e13]. However, more than a decade
after the first report in Bangladesh in 1993 [14], reliable
estimates of the magnitude of exposure and related health
problems are still not available. Published data show
a considerable variation in prevalence of As-related skin
lesions. Thus, there is a need for a more complete and
systematic assessment of exposure and health effects in
the population. This report is based on review of published
results from a large population-based study on arsenic and
health consequences in Matlab (AsMat). Matlab is one of the
areas in Bangladesh with the most pronounced As contam-
ination of tube-well water [1]. The aims of this project
were to assess the prevalence of As exposure and skin
lesions, as well as their variation by geographical area, age,
gender, socioeconomic conditions, any noncommunicable
disease, and infant and adult mortalities.As and health studies in Matlab
AsMat was initiated in 2001. Details of the AsMat have been
presented elsewhere [6,7]. Briefly, before participant
recruitment, all tube-wells were numbered and global
positional system data were collected for a set of 16,430
wells in a well-defined geographic area of 183 km2 in Matlab.
This population-based survey benefited from the ongoing
Matlab Health and Demographic Surveillance System (HDSS).
Matlab is located 53 km southeast of Dhaka, where Interna-
tional Centre for Diarrhoeal Disease Research, Bangladesh
(ICDDR,B) since 1966 has maintained HDSS in 142 villages,
encompassing a population of about 223,000. Matlab HDSS
area has been divided into two areasdICDDR,B service areas
where health services are provided by ICDDR,B and
a government service where health services are provided by
the government health system. ICDDR,B service is further
divided into four blocks, namely A, B, C, and D. From the
population database, all inhabitants older than 4 years of
age were listed for inclusion in the survey. Individuals who
were not living and drinking water of a source in Matlab at
least once per week were excluded. A total of 180,811
individuals were eligible and visited their homes during the
study period (January 2002eAugust 2003). In total 13,877
individuals were not found despite repeated attempts. Thus,
166,934 individuals (92% of eligible) were interviewed and
examined for skin lesions. Socioeconomic data were
excerpted from the HDSS databases. Household asset scores
divided into quintiles were used to classify the individuals’
socioeconomic conditions. Asset scores and achieved level of
formal schooling were used as stratifying variables for As
exposure and the occurrence of skin lesions.Two types of As-associated skin lesions were screened
namely hyperpigmentation and keratosis. A stepwise
procedure was applied. First, each participant was exam-
ined in the field according to a structured protocol. Twenty-
four field teams, each consisting of one man and one
woman, moved from village to village and house to house
examining each individual for skin lesions. Suspected cases
were referred to a central clinic for further confirmation by
physician. Thus, all dermal lesions were documented and
digitally photographed for confirmation by experts.
After skin examinations, the field staff obtained drinking
water histories (types and location of all water sources used
since 1970) from all individuals. All information was vali-
dated using results from previous household surveys by
HDSS in 1974, 1982, and 1996, which contained information
on the source of drinking water. The information on water
source that was excerpted from the previous household
surveys was printed on the forms used in the present study
to enable crosschecking during the interview.
A total of 13,286 tube wells were functional and were
screened for As content by use of field kits (Merck KGaA,
Darmstadt, Germany). This screening was done after the
screening for skin lesions to avoid potential bias. Tube wells
were painted red if As concentration was found to be
50 mg/L or higher and the others were painted green.
A second water sample was collected from all tube wells for
laboratory analysis. To obtain the water sample, the tube
well was pumped 30 strokes and two 20 mL polyethylene
vials were filled. The vials contained acid to prevent
precipitation of iron and coprecipitation of As. They were
marked with the ID number of the tube well and trans-
ported and kept at 20C in Matlab laboratory until anal-
ysis. The concentrations of As were determined in duplicate
by hydride generation atomic absorption spectrophotom-
eter (Shimadzu Model AA-6800, Japan) at the ICDDR, B
laboratory in Dhaka [15]. The limit of detection was 1 mg/L.
In the calculations, results below limit of detection were
assigned a value of 0.5 mg/L. Analytical performance was
controlled by analysis of standard reference material,
internal water quality control samples, and interlaboratory
comparison (Karolinska Institutet).
Arsenic exposure assessment was based on information
on the individuals’ drinking water history and the As
concentration of all water sources used. For tube-well
water, we used the atomic absorption spectroscopy (AAS)
measurements, whereas surface water was assigned an As
concentration of 0 mg/L. According to our experience and
the experience of other groups in Bangladesh, we have
allocated the value zero to these surface water sources.
The drinking water histories were constructed from indi-
vidual data on water sources for each calendar year from
1970 and onwards.
Several of the previously used tube wells were found to
be destroyed (nZ 2,727). To reconstruct the historical
exposure, we used the average tube-well As concentration
of the village as a proxy for that particular period (a total of
113,946 periods of water use). For individuals who had
migrated into the study area and previously consumed
tube-well water the As concentration for those periods
(nZ 8,429 periods) were imputed by use of data from the
British Geological Survey of the relevant district [1]. The
validity of the imputed data was evaluated. For 15
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concentrations were replaced with imputed values for
comparisons with true values. The replacement using
village mean values were found to be a good proxy for tube-
well As concentration (r2Z 0.57). Use of village median
(r2Z 0.31), bari (cluster of related households) mean
(r2Z 0.26) or bari median (r2Z 0.10) showed lower
correlations with true values.
Important findings (Table 1)
Access to water
The distance of the nearest neighbor water sources and
households ranged from 1 m to 600 m, with 50% of the
water sources within 10 m and 70% of the water sources
within 25 m. The average distance of three nearest
neighbor water sources and households were 32 m, 87 m,
and 175 m for tube wells, ponds, and rivers/canals,
respectively. More than 75% of the tube wells were located
within a distance of 50 m. Similarly, 40% and 20% of ponds
and rivers or canals were located within 50 m distance from
households respectively. The average distance of the main
sources of drinking water reported by the responded was
123 m (median 67 m) and most of them are tube-wells
water (90%) [18].
As in urine was higher than As in water and the mean
difference was 55 mg/L [20]. The median As concentrations
in urine and water of all individuals were 77 mg/L and
14 mg/L, respectively. A significant association between As
in drinking water and urine was found, although with
a large variation (R2Z 0.41, p< 0.001). The strongest
association between As in drinking water and urine was
found in Block A with a R2 value of 0.58 and the weakest
association was found in Block D with a R2 value of 0.23.
The intercept in the regression equation between concen-
trations of As in water and urine indicates a background
level of about 45 mg/L (varying from around 30 mg/L to
around 70 mg/L in urine in the different blocks) [20]. Block
A, B, and C with the highest As concentrations in both urine
and water are situated south and south east of the Dho-
nagoda River, which is a confluent river to the Meghna
River, this could be because of different geological condi-
tions in these blocks compared with the other blocks.
Determining exposure
Totally 13,254 tube wells were tested by field kit as well as
AAS. Cross-checking of the field kit results, both by local
experts and in the laboratory, show that the misclassifica-
tion mainly occurs in the 10e25 mg/L and 50e100 mg/L As
range for the 10 mg/L and 50 mg/L cutoffs, respectively
[22]. This could be further reduced by providing proper
training of the field testers and cross-checking in the
laboratory. AAS results revealed that about 70% of the tube
wells exceeded 10 mg As/L, and more than 60% exceeded
50 mg/L with a mean of 203 mg/L and median of 167 mg/L
[6]. Average As exposure had increased steadily from 1970s
to the late 1990s; afterward a decrease could be noted
(ranged from <1 mg/L to 3644 mg/L). In 1970s, the use of
tube-well water was minimal. Installation of new tube wellgradually increased till late 1990s and now more than 95%
of Matlab population uses tube-well water for drinking [21].
Premalignant skin lesion
In total, 504 skin lesions cases were identified, and the
overall crude prevalence was 3 of 1,000. A three-step
procedure with house-to-house screening and clinic-based
confirmation of As-induced skin lesions is a feasible
approach in Bangladesh settings; however, As concentra-
tion in current water sources or in urine should not have
improved the precision in the diagnosis [17]. Women had
significantly higher cumulative exposure to As, whereas
men had significantly higher prevalence of skin lesions
(standardized morbidity ratio: 158, 95% confidence
interval: 133e188) [6]. The highest prevalence occurred in
35e44 age groups for both gender. As exposure and skin
lesions had a positive association with socioeconomic
groups and achieved educational level. A dose-response
relationship for both gender (p< 0.001) was observed.
This risk was increased with increasing socioeconomic
status. Men had a higher risk of having skin lesions than
women [odds ratio (OR): 10.9 vs. 5.78] in the highest
average exposure quintile (pZ 0.005). Start of As exposure
(cumulative exposure) before 1 year of age was not asso-
ciated with higher risk of having skin lesions as compared
with start of exposure later in life [7].
Considering As metabolism, the risk for skin lesions is
almost three times higher in the highest tertile of %meth-
ylarsonic acid (adjusted OR: 2.8, 95% confidence interval:
1.9e4.2, p< 0.001) compared with the lowest tertile [20]
The study showed gender specific risk for skin lesion,
higher risk observed for men comparing women because of
less efficient methylation of As, as defined by a higher
fraction of methylarsonic acid and lower fraction of dime-
thylarsonic acid in the urine, among men. Participants who
had been exposed to drinking water from tube wells since
before 1 year of age did not have higher risk of developing
skin lesions for the same quintiles of cumulative As expo-
sure. On the contrary, for the lowest exposure quintile for
those who were exposed from before 1 year of age had
a significantly lower OR than those who started using it
later [7]. This is because of a programming effect of As in
utero [23].
Excess deaths
The effect of As exposure on fetal and infant survival
in 29,134 pregnancies during 1991e2000 in Matlab,
Bangladesh was evaluated by Rahman et al. [16] in 2007.
Individual As exposure was assessed by drinking water
history and testing of As concentrations in tube wells.
All vital events, including pregnancy outcome and infant
mortality, were obtained from HDSS, which were registered
by monthly surveillance at the household level. As exposure
significantly increased the risk of infant death and, to
a lesser extent, fetal loss [16]. Thus, mitigation activities
are urgently needed for pregnant women in As-exposed
areas.
Significant increased risk for death was observed for
death in cancers, cardiovascular, and infectious diseases-
Table 1 Main findings from AsMat health studies
Studies Study design Characteristics of participants Arsenic
measurement
Main findings
Rahman et al. [6] Cross-sectional All population aged 4 yr or
older (166,934)
Water arsenic Prevalence of skin lesion
Rahman et al. [7] Case-referent All skin lesion cases (504) and
randomly selected 1,830
individuals
Water arsenic Skin lesion, dose-response
trend, gender difference in risk
Jakariya et al. [22] Cross-sectional Tube-well screening Water arsenic Public health importance
Hore et al. [17] Cross-sectional All population aged 4 yr or
older (166,934)
Water arsenic Validity of detection skin lesion
cases
Rahman et al. [16] Historical cohort All pregnancy outcome during
1991e2000 (29,134)
Water arsenic Fetal loss and infant deaths
Lindberg,
Rahman et al. [23]
Cross-sectional Randomly selected 1,830
individuals
Urinary arsenic Influence of factors on
exposure and metabolism
Lindberg,
Ekstrom et al. [20]
Cross-sectional Randomly selected 526
individuals
Urinary arsenic Interaction between gender
and arsenic metabolism
Sohel et al. [19] Historical cohort All adult population aged 15 yr
or older on January 1, 1991
(115,903)
Water arsenic Excessive mortality risk for
cancer, cardiovascular, all
infections, and nonaccidental
deaths
AsMATZ arsenic and health consequences in Matlab.
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[19]. The results demonstrate that As exposure through
drinking water has started to generate excess adult
mortality after a few decades of exposure. There is an
urgent need to reinforce efforts of mitigation for this
ongoing environmental catastrophe [19].
Chronic disease
As shown in Table 2, the risk of diabetes, hypertension, and
chronic lung disease were also analyzed separately for
participants with and without skin lesions. Considering risk
estimates, diabetes mellitus and hypertension had three-
fold increased risk, but chronic lung disease had nine-fold
increase.
Discussion
As and health studies in Matlab findings provide valuable
information on the effects of As exposure and As-induced
skin lesions, blood pressure, diabetes mellitus, chronic lung
disease, all-cause infant and adult disease mortality.Table 2 Distribution of diabetes, hypertension, and chronic lu
skin lesion along with POR and 95% CI
Diseases Skin lesion
Yes No Ye
Diabetes 9 495 8
Hypertension 26 478 27
Lung disease 55 449 21
CIZ confidence interval; PORZ prevalence odds ratio.Excess pregnancy loss
As readily passes the placenta to the fetus but not to breast
milk and many women in Matlab usually do breast-feeding
for 12 months or more, however, resulting in limited
exposure. Thus, the fetal exposure seemed producing
effects on survival that were more pronounced during
postnatal period. It was estimated that more than 10%
of the current infant mortality in Matlab, Bangladesh, is
attributed to As exposure during pregnancy and may
contribute 250,000 estimated infant deaths annually in the
country because of As exposure (exposure prevalence:
25%e50% at drinking water level more than 50 mg/L in the
country) [16].All-cause adult mortality
As exposure causes significant increased risk for death in
cancers, cardiovascular, and infectious diseases-related
mortality. A clear dose-response relationship was observed
[19]. The results demonstrate that As exposure through
drinking water has started to generate excess adultng disease cases among persons with skin lesion and without
No skin lesion POR 95% CI
s No
1,571 3.6 1.2e10.2
1,552 3.1 1.7e5.6
1,558 9.1 5.3e15.7
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studies in elsewhere, scientists have modeled cancer as
a risk on the order of 1 in 100 (for 50 mg/L) [4]. Study
findings of Razzaque et al. [21] in 2009 also demonstrated
a significant increased risk for all-cause mortality. Consid-
ering 25 million people are exposed, the present generation
may suffer from an excess of 200,000e300,000 As-related
cancer cases [2].
Nonmalignant effects
Higher risk estimates were observed for the participants
having the lesions. However, excess burden for nonmalig-
nant disease because of As exposure may also be contrib-
uted by people without skin lesion. There is no basis to
think that the Bangladeshi people would have any lower
risks than other populations, and in fact, the poorer
nutritional status in Bangladesh may increase the risk of
chronic noncommunicable diseases.
Exposure variation
Despite the high exposure and the high prevalence of
malnutrition AsMat study individuals have remarkably good
As methylation efficiency. The contribution to As exposure
from food was calculated to be around 50 mg/L in urine [20].
The results show that the As exposure level (urinary As
concentration), gender, and age are major factors influ-
encing As metabolism in this population with a median of
77 mg/L of As in urine [20]. Women had higher As methyla-
tion efficiency than men, but only between 20 and 55 years
of age, supporting an influence of sex steroids [4]. Overall
these factors explained the most 30% of the variation,
indicating that genetic polymorphisms are the most impor-
tant factors influencing the metabolism of inorganic As.
Safe water provision
Experience of Chile showed that high rates of lung and
other cancers were observed after removing exposure by
installing/provision of safe water [24]. Bangladesh is likely
to experience similar disease burden and deaths from
cancers. Therefore, initiatives to undertake large scale of
mitigation activities are urgently needed.
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